Cryoinjury in endothelial cell monolayers.
Developing successful cryopreservation strategies for corneas have proven to be more difficult than anticipated, because of the resulting loss of viability and detachment of endothelial cells from Descemet's membrane following cryopreservation of corneas. The objectives of this study are to develop a more detailed understanding of cryoinjury in human corneal endothelial cell (HCEC) monolayers and to examine the effects of storage temperature, cryoprotectant type and concentration, and cooling/warming rates on HCEC monolayers. Monolayers of endothelial cells attached to collagen-coated glass, immersed in an experimental solution (with and without cryoprotectant) were cooled at 1 degrees C/min to various temperatures (-5 to -40 degrees C), then thawed directly or cooled rapidly to -196 or to -80 degrees C before thawing. Cryoprotectants used were dimethyl sulfoxide and propylene glycol in concentrations of 1 and 2M. Monolayers were assessed for membrane integrity and detachment using SYTO/ethidium bromide fluorescent stain. The presence of cryoprotectants resulted in high recovery of membrane integrity and low monolayer detachment in monolayers thawed directly from temperatures down to -40 degrees C. In contrast, there was excessive detachment and loss of membrane integrity in monolayers cooled to -196 degrees C compared to monolayers cooled to -80 degrees C. Also, increasing cryoprotectant concentrations did not improve recovery of the monolayers. The higher recovery and lower detachment after storage at -80 degrees C compared to storage at -196 degrees C suggest that storage temperatures for corneas should be re-evaluated.